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Introduction
The introduction of time-lapse imaging in the field of IVF has contributed an insight to various patterns of embryo development.
Several studies have demonstrated that morphokinetic variables may predict embryo viability and implantation potential [1] .
However, the combination of the embryo morphology and kinetics are still in a process of prospective randomized analysis with an aim of discovering an alogarithm that will provide an accurate tool to choose the best fresh single embryo for transfer. Cryopreservation of surplus embryos is emerging as an important asset to IVF centers who are taking steps towards a single embryo transfer (SET) policy and increasing cumulative pregnancy rates while using GnRH trigger and avoiding exposure of patients to the risks of ovarian hyperstimulation syndrome [2] .
Recently, cryopreservation of Blastocyst and SET was suggested as an embryo selection method [3] .
Since the first successful pregnancy after FET of a human embryo in 1983 [4] , identification of factors that predict embryo survival, pregnancy and live birth following FET has been a major challenge. Maternal age, embryo cleavage stage [i.e. a number of blastomeres on days 2 and 3] and a number of embryos transferred have been found to influence success rates in FET cycles [5] . Other factors reported are the etiology of infertility and outcome of the corresponding fresh cycle [6] protocol type, endometrial thickness, a number of oocytes and number and quality of thawed embryos [7] . The two main parameters considered upon embryo selection for cryopreservation are morphological grading and cleavage stage.
Routine morphological grading of embryos is widely used by embryologists to select the "best" embryos for transfer or cryopreservation [8] [9] .
While most morphologic parameters are estimated subjectively, a number of blastomeres and the distinction between synchronous and asynchronous blastomere cleavage are objective parameters. Embryos with synchronous blastomere cleavage are usually preferred for transfer or cryopreservation, though there is no evidence in the literature of their superiority.
The objective of this study was to evaluate the effect of blastomere synchronicity of embryos at cryopreservation on post-thaw survival and outcome in FET cycles in day 2 and day 3 embryos.
Material and Methods
This study analyzed retrospectively consecutive FET cycles (and their corresponding cryopreservation cycles) performed in Carmel Medical Center since 2004 through 2006. Demographic, clinical and laboratory data were obtained from the patients' medical records. The study was approved by the Institutional Review Board.
Inclusion criteria were: FET cycle in which 1: Number of thawed embryos was equal to the number of frozen embryos in the corresponding freezing cycle. 2: Number of cryopreserved embryos at the corresponding cycle was ≤6.3: Thawed embryos were transferred on the same day.
Patient's age, type of infertility, insemination protocol (IVF or intra cytoplasmic sperm injection-ICSI) and number of frozen, thawed and transferred embryos were recorded. For each frozen embryo, embryo age, number of cleaving blastomeres and morphological grading at freezing and thawing were recorded. Ovarian stimulation of the corresponding freezing cycles was performed according to a long down-regulation GnRH Analogue protocol or a short protocol with GnRH antagonists, as previously described [10] [11] . Fertilization was confirmed 16 -20 hours after insemination. Cleavage was assessed 48 -72 hours later. Embryos were classified according to their morphological appearance.
Embryo grading was performed as previously reported [8] . Briefly, morphological score comprised of blastomere symmetry, presence of enucleated cytoplasmic fragments (as fraction of surface area) and brightness and texture of the cytoplasm.
A total grade of 2.5 -3.0 indicated high quality embryo (equal and regular blastomeres, no fragmentation), 2 for intermediate quality embryos (irregularity of blastomeres, up to 20% fragmentation) and 1 -1.5 for poor quality embryos (unequal blastomeres, 20% to 50% fragmentation, abnormal cytoplasm).
Cryopreservation: Embryos were cryopreserved 2 or 3 days after oocyte aspiration as previously described [8] [12] using a standard slow freezing protocol in a programmed biological freezer (Planner Cryo II: Planner product Ltd., England) using Medi Cult 1, 2 Propandiol and Sucrose Kit. Embryos were stored in cryotubes containing 0.25 ml of freezing medium (Nunc, Roskilde, Denmark). Embryos were graded upon freezing and thawing. Poor quality embryos with more than 50% fragmentation and/or ≤4 cells on day 3 were not eligible for freezing.
Thawing: Embryos were thawed according to thawing protocol [8] .
Embryo transfer: consisted of either of two: 1) Monitoring of a natural menstrual cycle by serial measurements of serum levels of estradiol (E2), Progesterone and LH, coupled with transvaginal sonography for measurement of the leading follicle and endometrial appearance and thickness, in order to detect the day of LH surge;
2) Hormonal preparation protocol by oral administration of 6 mg estradiol valerate daily from cycle day 3 and serial monitoring of endometrial appearance and thickness by transvaginal sonography. Embryo transfer of day 2 or 3 embryos was performed 3 or 4 days after the LH surge in the natural cycle or 2 -3 days after the demonstration of an endometriium of ≥7 mm thick on transvaginal sonography. This was followed (In hormonal preparation cycles) by luteal phase supplementation (administration of intramuscular Progesterone in oil, (Gestone, Paines & Byrne, Surrey, UK) 100 mg/d, or vaginal tablets of 900 mg/day of micronized progesterone (Uterogestan, Laboratoires Besins, France) 2 or 3 days prior to embryo transfer for day 2 and 3 embryos, respectively.
Embryos were considered to be surviving when at least half of the initial number of blastomeres was intact. The number of transferred embryos was determined in accordance with the guidelines of the Israeli Ministry of Health from 2004. Up to 3 thawed embryos were selected for transfer (≤3 frozen-thawed embryos during first 3 cycles, and no more than 4 embryos at any case). Pregnancy tests were performed 12 days after embryo transfer. Serum levels of BHCG > 5IU/L were considered a chemical pregnancy, and the demonstration of an intrauterine gestational sac on transvaginal sonography was considered a clinical pregnancy. Live birth data was taken from routine patient follow up records.
Study Design and Variables
All FET cycles were divided into 3 groups:
Group 1: Only embryos with synchronous blastomere cleavage (2, 4 and 8 blatomeres) were frozen. Group 2: Only embryos with asynchronous blastomere cleavage (3, 5, 6, 7 or 9 blastomeres) were frozen. Group 3: Embryos with both synchronous and asynchronous blastomere cleavage were frozen.
Embryo Survival
Blastomere survival rate was defined as the sum of surviving/cryopreserved (thawed) blastomers (in %) in a given FET cycle. Full embryo survival rate was defined as the % of FET cycles among which all embryos survived. Embryo survival rate was defined as the total number of surviving embryos divided by the number of frozenthawed embryos in a given FET cycle.
Since embryos were cryopreserved and thawed in groups, blastomere survival parameters were always calculated regarding total number of blastomeres in the cryopreserved embryo cohort, since it was impossible to identify individual embryos after thawing when embryos of identical number of blastomeres were frozen.
Full blastomere survival rate was defined as the % of FET cycles during which total number of blastomeres at thawing was equal to the number at cryopreservation.
Statistical Analysis
Statistical analysis was performed using SPSS 18 package for Windows software (SPSS inc., Chicago, IL, USA). Continuous variables were presented by mean, median and standard deviation. Categorical variables were presented in percentages. All dependent variables were compared among the three groups before cryopreservation and after thawing, controlling for the number of thawed and transferred embryos.
Parameters of the 3 groups were compared using one-way ANOVA followed by the independent T-test for continuous variables, Kruskal-Wallis test followed by Mann-Whitney test for ordinal variables and Chi square test for the categorical variables. P < 0.05 was considered significant. The significant variables regarding pregnancy and survival of at least one embryo were entered into a multivariate logistic regression model.
Results

Cycle Parameters
During the study period, 1060 cryopreservation cycles were performed; of them, 620 frozen-thawed cycles, comprising 1863 frozen embryos, met the inclusion criteria. The number of frozen-thawed embryos was 1, 2, 3, 4, 5 and 6 in 4.8% (n = 30), 37.1% (n = 230), 27.3% (n = 169), 19.7% (n = 122), 5.8% (n = 36), 5.3% (n = 33) cycles respectively. Overall embryo survival rate was 1265/1863 (68%); In 558 (90%), at least one embryo survived. Groups 1(synchronized blastomere cleavage), 2 (Mixed) and 3 (asynchronous blastomere cleavage) consisted of 225 (40.3%), 130 (23.3%) and 203 (36.4%) cycles respectively.
In 342 (61.2%) cycles, embryos were frozen on day 2 and the rest on day 3. Woman's age and prevalence of primary infertility did not differ between all groups ( Table 1) .
Mean number of cryopreserved (thawed) embryos and transferred embryos was 3.06 ± 1.2 and 2.28 ± 0.95, respectively. The number of cryopreserved (thawed) and transferred embryos was lower in the synchronous group (2.7 ± 1, 3 ± 1.2, 3.5 ± 1.2, respectively, P = 0.00001; 2 ± 0.8, 2.2 ± 1, 2.5 ± 0.9, respectively P < 0.0001, Table 1 ).
Embryo Survival
Full blastomere survival rate was higher among the synchronous group (62.7%, 43.3%, 38.3% respectively, P = < 0.0001, Table 2 ). When controlled for number of frozen (thawed) embryos, difference remained significant for 3 thawed embryos (P = 0.013) and a trend was observed for 2 thawed embryos (P = 0.069) ( Table 2) .
Blastomere survival rate was higher in the synchronous group. When controlled for number of frozen (thawed) embryos, difference became insignificant ( Table 2) . When Blastomere survival rate analyzed according to embryo's age, was higher among the synchronous group for day 2 embryos, but differences disappeared after Bonferroni correction. When controlled for number of thawed embryos (n = 2 -6), differences were non-significant except for n = 2 (P < 0.069) and n = 3 (P < 0.013). b: When controlled for number of thawed embryos, differences were non-significant for all numbers of thawed embryos. Nevertheless, rates were higher in the synchronized group for 2 and 3 thawed embryos. c: After Bonferroni correction differences were non-significant. d: When controlled for number of thawed embryos, differences were non-significant for all numbers of thawed embryos. An Association was found between cycles with full embryo survival rate and number of thawed embryos, (P < 0.0001). e: When controlled for number of thawed embryos, differences were non-significant for all numbers of thawed embryos. An Association was found between embryo survival rate and number of thawed embryos, (P < 0.0001). Lower numbers of thawed embryos in the synchronized groups affects the association between embryo survival rates and group.
No difference was noted between the three study groups among 2 days embryos Full embryo survival rate was higher among the synchronous group (P = 0.004, Table 2 ). When controlled for number of frozen (thawed) embryos, difference became insignificant for all numbers of frozen (thawed) embryos. A positive correlation was found between number of frozen-thawed embryos and full embryo survival rate (P = 0.0001, Table 2 ).
Embryo survival rate was higher among the synchronous group (P = 0.038, Table 2 ). When controlled for number of frozen (thawed) embryos, differences were non-significant for all numbers of thawed embryos. A positive correlation was found between number of frozen-thawed embryos and embryo survival rate (P = 0.0001, Table 2 ). The rate of FET cycles where at least one embryo survived was similar among all three study groups.
Embryo Grading
Mean and maximal grading of embryos both at cryopreservation and at thawing were higher among the synchronous group (P = 0.0001, P = 0.037, P = 0.004, P = 0.03, respectively). When controlled for number of thawed embryos (n = 1 -6), differences were non-significant except for n = 2 (P = 0.028). Mean and maximal morphology parameters positively correlated with the achievement of pregnancy. (P = 0.056, P = 0.023, respectively) ( Table 3) . The association between number of thawed embryos and mean embryo grading at cryopreservation was negative. P < 0.002. When controlled for number of thawed embryos, differences were non-significant for all numbers of thawed embryos. b: The association between number of thawed embryos and mean embryo grading at thawing P < 0.116. When controlled for number of thawed embryos, differences were non-significant for all numbers of thawed embryos except n = 2 (P < 0.006). c: When controlled for number of thawed embryos, differences were non-significant for all numbers of thawed embryos. d: When controlled for number of thawed embryos (n = 2 -6), differences were non-significant except for n = 2 (P < 0.028).
Pregnancy and Live Birth Rates
Overall clinical pregnancy rate per transfer was 12% (67/558) and live birth rate 7.7% (43/558). No difference was found between the three embryo groups regarding pregnancy rate, miscarriage rates, twin pregnancy or live birth rates ( Table 4) .
Parameters affecting the occurrence of pregnancy, were analysed by a multivariate logistic regression analysis. Both number of transferred embryos and maximal embryo grading at thawing were found to positively correlate with linical pregnancy rates (P = 0.014, P = 0.008, respectively, Table 5 ). Women's age at cryopreservation, ICSI procedure, age of embryo at cryopreservation, FET protocol (i.e. natural cycle vs. endometrial preparation), total blastomere survival rate, embryo survival rate and study group did not affect the pregnancy rates ( Table 5 ).
Discussion
In the present study, we have addressed three major clinical outcome parameters of cryopreserved-thawed embryos, according to synchronicity of blastomere cleavage; survival, morphological grading and pregnancy and live birth rates.
To our knowledge this is the first report addressing this issue. The overall embryo survival rate was 68%, and delivery rates 7.4%, comparable to those mentioned in the literature [17] . Embryo age at cryopreservation/thawing was not found to affect the chances for conception when using a multivariate logistic regression analysis. The results of the present study show that blastomere survival parameters of the FET cohorts were higher in the synchronous embryos group.
These differences which may suggest superiority of synchronous embryo freezing cohorts (when frozen at day 2 or day 3 embryo cohorts), do not seem to have a clinical implication regarding the chance for implantation.
Embryo survival rates were also higher in the synchronous group but when controlled for number of thawed embryos, differences were not significant. Our results are in line to those of Hardarson et al. who suggested that embryos with asynchronous blastomere cleavage are more likely to have unevenly cleaved asymmetric blastomeres, however they also found it to be associated with a lower pregnancy rates [13] . By using image processing of successive photographs contrast illumination of zygotes and embryos in IVF, Roux et al. [14] confirmed the occurrence of a normal asynchronous division process during early embryo development. They have also proposed a model representing a normal asynchronous division process from the 2 pronuclear stage through the 1 -8 cell stages. In addition, they have found association between embryos with normal asynchronous division process and the potential for implantation [14] [15] . In the present study, despite better embryo survival parameters among synchronous embryos. This was not found to be associated with the chances of implantation or delivery rates. We note that the fraction of day 2 embryos was highest among the synchronous group, compared with asynchronous and the mixed groups but as an asymmetry is statistically more likely to with 4 -8 blastomeres than with 2 blastomeres this may explain the relative superiority of synchronous embryo freezing cohorts.
Our study suggests that synchronicity of blastomere cleavage at cryopreservation/thawing is not a good parameter for selection embryos for freezing.
We have also found that embryo grading parameters both at cryopreservation and thawing were higher among the cohorts of synchronous embryos.
However, when a multivariate logistic regression analysis was applied, the only parameters correlated with clinical pregnancy and live birth were the number of transferred embryos and a good embryo grading by the embryologist at thawing.
We are aware of some limitations in this study. The results in the present study are based on embryos cryopreserved by slow freezing. Recent studies have shown that Vitrification is superior to slow freezing, which in turn is superior to ultra-rapid freezing. However, it is agreed that more well-designed and powered studies are needed to further strongly confirm these findings in terms of delivery rates [16] . Although more embryos at our center are currently cryopreserved by vitrification it is tempting to assume that synchronicity of the embryos at cryopreservation is a factor which is probably independent of the freezing technique and therefore many embryos can be safely cryopreserved without being discarded due to asynchronicity on the day cryopreservation.
Another limitation is the law variability in morphological grading of embryos which may reflect freezing of many embryos that were not the highest quality morphologically. This may also explain the relative low delivery rates, but still within the ranges of the ESHRE report in 2013 [17] .
Time-lapse analysis of fresh embryos in IVF may give more insight to the significance of embryo synchronicity. Meseguer et al. found that the time of division to 5 cells, an asynchronous cleavage embryo, was the most predictive parameter of subsequent implantation [1] . However even in the most recent study done by the same group, it is perceived that that embryo appearance (morphology) has to be combined with morphokinetics and further studies are requested to find the relative contribution of morphokinetics [18] .
Therefore there is still place for analysis of simple morphology in the lab and particularly when synchronicity is considered as our results showed viable pregnancies in both types of cryopreserved embryos.
Summary
In summary, implantation potential, pregnancy rates and live birth rates resulting from synchronized and unsynchronized frozen-thawed embryos are similar.
Until proven otherwise, we suggest that unsynchronized embryos should not be discarded but similar to synchronized embryonic division, they should be selected for cryopreservation on the basis of other standard morphological criteria.
